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PHASE TRANSITION(S) IN QCD
deconfinement SU(N,.) Yang-Mills: Zy_ symmetry

order parameter: Polyakov loop ¢, ¢ — 20 with z € Zy,

0)=0 T <Ty ) #0 T >1Ty

F,
() ~ e~ T | F, free energy of my, — o0

N. = 2 second order, N. = 3 weakly first order

chiral symmetry restoration QCD with m, = 0: chiral symmetry

order parameter: chiral condensate 11}

(W) #0 T < Ty (W) =0 T >Tg

N.=2,3 and Ny = 2 second order



mg finite — no true order parameter

F.Karsch, Lect.Notes Phys. (2002)
Ten =14y
EVIDENCE FOR A SINGLE QCD PHASE TRANSITION

WHY?



QCD-LIKE THEORIES

adjoint QCD

Zyn, and chiral symmetry — order parameters: (/) and (1)7))
— the two transitions can be studied independently —
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F.Karsch, M.Litgemeier, NPB (1999)

WHY?



THE GENERAL THEORY

o order parameter field (0.p) — knows the symmetry
o non-order parameter field (n.o.p) — scalar singlet

& near 1,
Mop KT <K My op Mop(T) ~|T —T.|”

(0.p field) # 0 in symmetry broken phase induces variation in (n.o.p field)

spatial correlators of n.o.p fields dominated at I, by the critical behavior of o.p

finite drop in the screening mass of any scalar singlet field at T,

F.Sannino, PRD (2002)
A.M., F.Sannino, K. Tuominen, PRL (2003); hep-ph/0306069



QUARKS IN FUNDAMENTAL REPRESENTATION N, = N; = 2

order parameter: chiral o field

2
A
Vanlor, 7] = ST [MEM] 4+ 0T [MTM]” + 22T (MM MM ]
m; g3 94
Vilx] = gox + 7XX2 + 3)(3 + ZX4 : X is Polyakov loop

Vint [X7 g, Wa] — (91X T 92X2> (0-2 + Waﬂa)



EXPECTATION VALUES

broken phase T' < T,

2 o _Mo
()2 = =T
m2 ~m®+ 2g1(x) <0
go g1
<X> = _m2 o m2 <0>2
X X
g1 > 0 » 9o <0

chiral symmetry restoration induces deconfinement




SPATIAL CORRELATOR OF N.O.P FIELD
U 2+ m2 )2 Moy

screening mass Amy, op(T) = m2 (T) — m2 o~ — 91 +32

IR singularity at T' =T,

—@— _@_ 000~ Exact in O(NN) for large N

spatial two-point correlator of Polyakov loop

. . 2g7(1 + N;)
d mass = — T > Teo
rop In screening mass 87y + (1 + No)3A =

o . 297
drop in string tension = — T<T.,
op I SHNG HENS 87 M, + 3\ =




QUARKS IN ADJOINT REPRESENTATION N, = Nj = 2

order parameters: chiral o field and Polyakov loop v

2
Vanlo, ) = S-Tr [MFM] + AT [MTM]” + %Tr (MMM M]

Vint[X, 0, 7] = gox*(0” + 77 no Yo? term



Tca < TCX

T < Tep: (o)ox? and T > T.,.: (x)xo? exists, but harmless

fully separated transitions & neither of the fields feels the transition of the other

TCX < Tca
Ty <T < Ty

(0)2 = —1 (m? + 2g5(x)?) = "
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near T¢,: (oYox? ; AmA(
near To,: (x)x0° ; A

the two fields do feel each other near the
respective phase transitions

existence of substructures near 7T,'s



CONCLUSIONS AND FURTHER THOUGHTS

¢ info encoded in o.p efficiently communicated to n.o.p via trilinear coupling

o massless (light) quarks in the fundamental:
— confinement (rise in PL) is driven by the chiral transition —

¢ very heavy quarks:
— deconfinement drives the (approximate) restoration of chiral symmetry —

¢ aQCD — existence of substructures

%
/ To what extent is the QCD phase
D transition deconfining or chiral symmetry
restoring?
m
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S.Gavin, A.Gocksch, R.D.Pisarski, PRD (1994)
A.Dumitru, D.Roder, J.Ruppert, hep-ph/0311119




o 2QCD at u # 0
transition from quark-antiquark condensate to diquark condensate
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